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METHOD AND APPARATUS FOR PRODUCING PHASE SHIFTER MASKS 

Background of the Invention : 
Field of the Invention : 
The invention relates to a method for producing phase shifter 
masks . 

Structures that are applied to a substrate using lithography, 
for example, for DRAM (Dynamic Random Access Memory) 
production, are becoming increasingly smaller in order to 
achieve a high degree of miniaturization. One technologically 
limiting factor in this case is the wavelength of the light 
that is used for lithography. Particularly small structures 
can be produced using phase shifter masks (phase shift masks) , 
which are known per se, such as half-tone phase shifter masks 
or strong, alternating phase shifter masks. In this case, in 
addition to the chromium that is normally used for masks, 
material is deliberately applied to the substrate to produce a 
phase shift of up to 180° in the light that is used for 
lithography. The extent of the phase shift depends on the 
application. Very fine structures can then be produced by 
destructive interference . 
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During the production of phase shifter masks, it is important 
for them to be as free of defects as possible, since defects 
will be transferred to all of the components produced using 
the mask. Defects are, for example, holes in absorber layers 
5 or locally thinned phase shifter materials. 

With 193 nm lithography, it is known that defects can be 
repaired by the deposition (induced by ion beams) of thin 
polymer layers from the gas phase. A gallium-ion beam from a 

10 FIB (focused ion beam) device is passed through an organic gas 
for this purpose. The ion beam and the parameters of the gas 
can be varied in order to deposit thin polymer layers locally 
on the substrate. The polymer layers are formed from the gas 
phase, and cover bright field defects (for example due to lack 

15 of half-tone material) . 

The next generation of lithography will use light at a 
wavelength of 157 nm. In this case, it has been found that the 
polymer layers which are deposited by ion beams under the 

20 influence of the 157 nm radiation change their thickness in an 
uncontrolled manner, and, in particular, shrinkage can occur. 
This is disadvantageous since the shrinkage increases the 
optical transmission at the repaired point. The use of gallium 
ions for the deposition results in optical irreversible damage 

25 by direct implantation of gallium ions into the glass material 
of the phase shifter mask. 
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Summary of the Invention : 

It is accordingly an object of the invention to provide an 
apparatus for producing a phase shifter mask for 157 nm 
5 lithography and a method for producing a phase shifter mask 
used for 157 nm lithography, which overcome the above- 
mentioned disadvantages of the prior art apparatus and methods 
of this general type. 

10 With the foregoing and other objects in view there is 

provided, in accordance with the invention, a method for 
producing a phase shifter mask used for 157 nm lithography. 
The method includes a step of, producing and/or processing a 
coating of an organic material on the phase shifter mask using 

15 an electron beam. 

The coating, which is and/or can be at least partially 
arranged on the phase shifter mask and is composed of an 
organic material, is processed and/or produced with an 
20 electron beam. 

In this case, it is advantageous to: 

configure the phase shifter mask in a space with at least one 
2 5 gaseous organic compound; 
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deposit at least one coating of the organic compound from the 
gas phase; 

at least partially point at least one electron beam at the 
5 coating of the organic compound; and 

to decompose the coating by the electron beam, so that 
diffusion of organic compounds starts from non-irradiated 
areas of the coating. 

10 

In this case, it is particularly advantageous for the coating 
to be subsequently hardened by an electron beam. 

In one advantageous refinement of the method, the coating is 
15 applied deliberately for repairing defects in a half-tone 
layer of the phase shifter mask. 

In this case, it is also advantageous for UV cleaning of the 
phase shifter mask to be carried out after the coating with 
20 the decomposition product. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, an apparatus for 
producing a phase shifter mask for 157 nm lithography. The 
25 apparatus includes a device for emitting at least one electron 
beam for producing a coating on the phase shifter mask and/or 
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for processing a coating that has at least partially been 
configured on the phase shifter mask. 

Disadvantages, for example, in the ion beam deposition, are 
5 avoided by a device for emitting at least one electron beam 
for processing and/or producing a coating which is at least 
partially configured on the phase shifter mask. 

In this case, it is advantageous for the device for emitting 
10 at least one electron beam to be designed to deposit at least 
one organic coating on a phase shifter mask. 

It is particularly advantageous for the device for emitting at 
least one electron beam to be controllable on a row and/or 
15 column basis, in particular for subsequent hardening. 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

2 0 Although the invention is illustrated and described herein as 
embodied in a method and apparatus for producing phase shifter 
masks, it is nevertheless not intended to be limited to the 
details shown, since various modifications and structural 
changes may be made therein without departing from the spirit 

2 5 of the invention and within the scope and range of equivalents 
of the claims . 
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The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
5 of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawings : 

Figs. 1A to IE are schematic illustrations of individual steps 
10 for one embodiment of the method; and 

Fig. 2 is a block diagram of a device for emitting an electron 
beam. 

15 Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
first, particularly, to Figs. 1A to IE thereof, there is shown 
the individual steps of one embodiment of the method. These 
steps are based on a phase shifter mask 1. The phase shifter 
20 mask has, in a known manner, a quartz glass substrate 11, 

which in this case is illustrated in white, and an absorber 
material 12, which in this case is illustrated in shaded form, 
and which is used for deliberate phase shifting. During the 
process of producing the phase shifter material 12 on the 
25 substrate 11, it is assumed that a defect 13 has been found 
here in the phase shifter material 12. 
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In the step illustrated in Fig. IB, a coating 14 of an organic 
material is deposited from the gas phase, and covers the 
defect 13 . 

5 

In principle, any organic compound, which has a high 
adsorption coefficient, may be used as the organic material so 
that good adhesion is achieved between the coating and the 
substrate 11. However, the organic compound should be free of 
10 silicon-organic compounds and should have a high proportion of 
carbon, for example, aromatic compounds. Examples of suitable 
compounds are styrene and PHOST . 

The organic compounds should be removed by UV radiation in a 
15 slightly acidic atmosphere, so that aromatics containing 
halogens are separated as possible organic compounds. 

The deposition of the organic material as a coating 14 in this 
case takes place by using an electron beam. Alternatively, 
20 this coating can also be deposited by a different method. 

Fig. 1C shows a detail X (see Fig. IB) . The defect is covered 
over a relatively large area by the coating 14 of organic 
material. Now, according to the invention, an electron beam 
25 (which is not shown here) is pointed at the immediate region 
around the defect 13 . This region is represented by the field 
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15 in Fig. 1C . The electron beam scans this field in rows 
and/or columns, which leads to hardening of the organic 
material . The concentration gradient that is produced in the 
coating 14 results in the diffusion of organic molecules which 
5 are not yet reacted in the field 15 (surface diffusion), thus 
resulting in reinforcement of the hardening. The diffusion of 
the molecules is illustrated by arrows in Fig. 1C . The field 
15 is illustrated in the hardened state in Fig. ID. 

10 The wide-area coating and the subsequent diffusion means that 
there is no need to pass gases with extreme accuracy to the 
location to be repaired. 

A certain residual amount of gas, which is dependent on the 
15 partial pressure, is located above the substrate. Individual 
molecules are precipitated from this residual amount at those 
locations at which adsorption spaces have become free. 

The remaining coating 14 can now be removed, for example, by 
20 UV cleaning, so that the defect 13 that is covered by the 
field 15 remains (See Fig. IE) . 

The method conditions for subsequent hardening depend on the 
organic compound that is deposited. The first time a raster is 
2 5 formed for the defect location, low effective bias voltages of 
500 V to 1.5 kV must be used in the coating system in order to 
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achieve dislocation of the energy (small depth penetration of 
the electron beam) close to the boundary surface, and thus 
secure fixing of the molecules. The strength of the trial 
current depends on the repair requirements and is typically 
5 between 1 nA and 10 pA, in order to achieve subsequent 

hardening which is highly controllable, but does not last for 
too long. Since the work is carried out using an electron 
microscope, it can be carried out at pressures of 1CT 6 torr . 

10 Fig. 2 is a block diagram of an apparatus 3 0 for producing a 
phase shifter mask for 157 nm lithography. The apparatus 30 
includes a device 2 0 for emitting an electron beam. Such an 
electron beam can be used to deposit the coating 14 of the 
organic material as discussed above in the description of the 

15 method. Additionally or alternatively, as described above in 
the description of the method, an electron beam emitted from 
the device 2 0 can scan the field 15 in rows and/or columns, 
which hardens the organic material in the coating 14. 

2 0 The embodiment of the invention is not restricted to the 

preferred exemplary embodiments described above. In fact, a 
number of variants are feasible, which make use of the method 
according to the invention and of the apparatus according to 
the invention even for fundamentally different types of 

2 5 embodiments . 
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